An analytical method for the simultaneous determination of trace Ge, As and Se in biological samples by inductively coupled plasma/mass spectrometry has been investigated. The effects of added organic gas into the coolant argon gas on the analyte signal were studied to improve the detection limit, accuracy and precision. The addition of a small amount of methane (10 mL/min.) into the coolant gas channel improved the ionization of Ge, As and Se. The analytical sensitivity of the proposed Ar/CH 4 system was superior by at least two-fold to that of the conventional Ar method. In the present method, the detection limits obtained for Ge, As and Se were 0.014, 0.012 and 0.064 µg/L, respectively. The analytical reliability of the proposed method was evaluated by analyzing the certified standard reference materials (SRM). Recoveries of 99.9% for Ge, 103% for As, 96.5% for Se were obtained for NIST SRM of freeze dried urine sample. The proposed method was also applied to the biological samples.
Introduction
Organic compounds of germanium have been used as antitumor agents and intestinal astringents in veterinary medicine. And arsenic compounds were used for a long time as pesticides in agriculture. Such compounds are still increasingly used as wood and cotton preservatives. Selenium is an essential antioxidant mineral. We have applied a more sensitive ICP/MS Ge, As and Se determination in biological samples. The concentration of these analytes in serum and urine is important and was significantly lower than pure water.
The non-spectroscopic matrix effects in ICP/MS typically come from a biological sample matrix such as Na, K and organic compounds. 1 The use of an internal standard is not adequate with most elements because the interference effects are not in the same direction. 1 Reduction of these effects can be achieved by a careful setting of the instrumental parameters. Other methods, such as hydride generation or electrothermal vaporization, can partially overcome these interferences.
A more direct method of interference removal is the use of 1. molecular and inert gases, 2. addition into the gas, or 3. replacing one of the three gas flows of the ICP. Characteristics of mixed gas plasmas have been widely studied in inductively coupled plasma/atomic emission spectrometry (ICP/AES) and ICP/MS, though most of the literature has focused on the effect of nitrogen added to the outer argon gas. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Several researchers have also reported the use of nitrogen addition in ICP/MS. Lam and Horlick reported that polyatomics could be reduced and analyte signals enhanced with the addition of nitrogen to the outer gas. 13 To date, the majority of research has focused on the use of nitrogen, oxygen and air as additional gas, but recently attention has been turned to other gases. The additions of methane and propane have already been used in ICP atomic emission spectrometry (AES) and atomic fluorescence spectrometry (AFS). [15] [16] [17] [18] In the present paper, the conditions for the removal of signal enhancement or suppression are optimized with the addition of methane to the coolant gas. The optimum operating conditions were defined and tested by determining detection limits and recoveries of elements and the analysis of certified reference materials (CRMs) for these elements.
Experimental Section
Instrumentation. The ICP/MS instrument used was a Perkin-Elmer SCIEX Elan 5000 (Norwalk, Connecticut, USA) run at normal resolution. A cross-flow nebulizer associated with a double-pass spray chamber was used. The mass spectrometer was set to sample ion intensities (peak jumping) at the analyte masses m/z 70, 72, 73 and 74 for Ge + , m/z 75 As + and m/z 77, 78 and 82 for Se + . A peristaltic pump was used for conventional sample introduction. The instrument sensitivity was optimized by varying the instrumental setting, using aqueous standard solutions of Pb, Rh and Mg. The instrument adjustments included the physical positioning of the mass spectrometer relative to the plasma, the ion lens voltages and the adjustment of R. F. power to the argon plasma. Once optimized for germanium, arsenic and selenium, these variables were kept constant throughout all experiments involving the same element. The aerosol carrier gas flow was adjusted for each analyte until optimum signal intensity was reached. Methane addition to the coolant gas was achieved by using a 4-channel gas mass flow controller (MFC). The ICP/MS setting is given in Table 1 Standard solutions were prepared from 10 mg/L stock solutions of Ge, As and Se (Spex Industries Inc., Edison. NewJersey, USA). All standard solutions were made up in 1% HNO 3 . High purity reagents were used, and the water was produced in a Millipore Super-Q apparatus (Millipore, Milford, MA, USA). The liquid argon used was 99.999% pure. The methane used was 99% pure.
Sample preparation. Approximately 0.5 g of each CRMs was digested in beakers, using a hot plate. 5 mL of nitric acid were used for the digestion. After digestion, the solutions were quantitatively transferred into calibrated flasks (10 mL) and made up with distilled, de-ionized water. CRMs were spiked with Ge to a final concentration of 5 µg/L. Five replicates of each sample were prepared. The 1 mL serum and urine samples were digested with c-HNO 3 .
Standard solutions and calibration solutions were prepared from the stock solutions as required.
Procedure. Experiments to assess the influence of the instrumental operating parameters (species of added gas, channel for methane and gas flow rate for methane) on elements were performed. In these experiments standard solutions of 100 µg/L Ge, As and Se in 1% matrices were analyzed to find the effect of the operating parameters on analyte elements. These experiments were undertaken with and without methane addition to the coolant gas, under the following operating conditions: outer gas, 15 L/min; intermediate gas, 0.85 L/min; nebulizer gas, 0.92 L/min; power, 1000 W; and CH 4 , either absent or variable up to 100 mL/ min.
Optimizations of the operating parameters, with the addition of methane to the coolant gas, were performed to find the optimum conditions for the reduction of interferences. The optimal conditions defined by these simplex optimization were tested by determination of the detection limits for Ge, As and Se. Analysis of the CRMs and real samples was undertaken on typical operating parameters (Table 1) .
Results and Discussion
Selection of mass for analyte. Noticeable interferences were observed for Ge, As and Se, showing that below m/z =85 the background spectrum is not free from interfering peaks.
18~20 Moreover, at m/z=70-82, interfering oxides or argon dimer ion ( 
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Optimization of plasma with methane. An experiment was carried out with methane in the argon coolant gas. For selection of added gas, various gases were added into the coolant gas. Figure 1 shows that the enhancement of signals caused by methane introduction is more effective than any other gases. The results of Figure 2 show that the coolant gas flow channel is the most effective for enhancement of analytes. The intensity of analytes with the addition of methane to the coolant gas is plotted in Figure 3 . When a flow rate of methane up to 10 mL/min was added to the coolant gas flow, the intensity of Ge, Se was maximum. And when the flow rate of methane up to 20 mL/min was added to the coolant gas flow, the intensity of As was maximum. For simultaneous analysis, 10 mL/min methane gas flow rate was used. The optimal conditions are defined in Table 1 . Detection limits are reported in Table 2 . The result shows that the Figure 4 for the effect in some matrices, the simplex optimization of the plasma with methane added to the coolant gas reduced the enhancement or depletion of Ge, As and Se signal formed by 1% matrices. Determination of three metals in Korean serum and urine. The determination of Ge, As and Se in human serum and urine are useful to detect excess intake or exposure, particularly concering pesticides, food or drugs. Before the test of human serum and urine, we checked this method by the use of CRMs (Table 3 ). The precision and accuracy could not be defined directly, owing to a lack of suitable certified reference material for Ge in serum. It was therefore assessed indirectly using Ge spiked NIST SRM 2670, 8414, 8415, 8435, 8436 and serum samples. The relative errors of Ge are 0.15-0.58% and C.V.s are 0.80-1.79%. For As, the Figure 5 is the calibration curves for 74 Ge,
75
As and 77 Se. The curves show good linearity. 
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Conclusions
This work shows that signal enhancement or depletion of Ge, As and Se can be effectively reduced, by the addition of methane to the outer gas.
The success of this work is demonstrated by the analysis of CRMs, by the improved detection limits and by the enhanced recoveries obtained. Detection limits for Ge, As and Se generally were better with the addition of methane to the coolant than without the addition of methane to any of the gas flows.
We have found that the use of ICP/MS allows the rapid and easy determination of Ge, As and Se in serum and urine. Se using ICP/MS with methane mixed plasma.
